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Semiconductor  memory  device. 

selected  by  the  selecting  circuit,  and  a  sense  am- 
plifier  control  circuit  (51,  49,  52)  for  receiving  an 
enable  signal  which  enables  operation  of  the  sense 
amplifier,  and  a  sensed  signal  from  the  dummy  bit 
line  potential  sensing  circuit,  to  determine  an  opera- 
tion  period  of  the  sense  amplifier,  in  response  to 
both  the  enable  and  the  sensed  signals.  When  the 
output  data  is  determined  by  the  sense  amplifier,  an 
output  logic  level  of  the  level  sensor  is  inverted,  and 
the  sense  amplifier  is  disabled.  The  sense  amplifier 
is  kept  disabled  until  the  next  clock  signal  is  gen- 
erated,  and  no  feedthrough  current  flows  during  this 
period,  decreasing  wasteful  power  current  consump- 
tion. 

©  In  a  semiconductor  memory  device  having  a 
sense  amplifier  (22)  for  amplifying  a  potential  dif- 
ference  between  a  pair  of  regular  bit  lines  (11,  11  ), 

CM 2rtne  memory  device  further  comprises  a  dummy  bit 
line  (41)  having  a  load  capacitance  equal  to  that  of 

©each  of  the  pair  of  regular  bit  lines,  a  dummy  mem- 
£2ory  cell  (42)  having  a  bit  line  drive  capability  equal  to 

that  of  the  regular  memory  cell  (14),  a  precharging 
W  circuit  (43)  for  precharging  the  dummy  bit  line,  a 
22  selecting  circuit  for  simultaneously  selecting  the  reg- 

ular  memory  cell  and  the  dummy  memory  cell,  a 
®  dummy  bit  line  potential  sensing  circuit  (50)  for 
Q.  sensing  that  the  potential  of  the  dummy  bit  line  is 
HI  changed  from  a  precharge  potential  by  a  predeter- 

mined  potential  when  the  dummy  memory  cell  is 
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Semiconductor  memory  device 

inverters  31  and  32  located  in  separate  signal 
paths,  and  is  inverted  by  the  inverters  31  and  32. 
The  signal  inverted  by  the  inverter  31  is  supplied 
as  a  precharge  signal  PPTto  the  precharge  line  13. 
The  signal  inverted  by  the  inverter  32  is  supplied  to 
one  input  terminal  of  the  2-input  NAND  gate  33,  the 
other  input  terminal  of  the  gate  33  receiving  a 
read/write  signal  RW.  An  output  from  the  NAND 
gate  33  is  supplied  in  the  form  of  a  read  control 
signal  RD  via  the  inverter  34,  to  the  gate  of  the 
transistor  27  contained  in  the  sense  amplifier  22. 

Fig.  2  is  a  timing  chart  showing  waveforms  of 
sections  within  the  circuit  shown  in  Fig.  3,  when  in 
the  read  mode,  the  read/write  signal  RW  being  set 
at  "H"  level  in  this  mode.  A  read  operation  per- 
formed  by  the  circuit  shown  in  Fig.  3  will  now  be 
described  hereinafter,  with  reference  to  the  above- 
mentioned  timing  chart. 

When  the  signal  CK  goes  to  "H"  level,  the 
precharge  signal  PR~goes  to  "L"  level.  As  a  result, 
the  transistors  19,  20,  and  21  in  the  precharge 
circuit  18  are  turned  on,  and  the  bit  lines  11  and  11 
are  precharged  at  "H"  level. 

When  the  clock  signal  CK  goes  to  "L"  level 
from  "H"  level,  the  precharge  signal  PR  goes  to 
"H"  level,  and  the  precharge  operation  in  respect 
of  the  bit  lines  1  1  and  rTis  completed.  When  the 
signal  CK  goes  to  "L"  level  from  "H"  level,  the 
signal  RD  goes  to  "H"  level  from  "L"  level,  and  the 
transistor  27  is  turned  on,  as  a  result  of  which  the 
sense  amplifier  22  is  enabled. 

The  word  line  12  is  selected  by  a  decoder  (not 
shown),  and  a  signal  WD  goes  from  "L"  level  to 
"H"  level,  with  the  result  that  the  transistors  16  and 
17  in  the  memory  cell  14  are  turned  on,  and 
memory  data  "1"  or  "0"  in  the  latch  circuit  15  is 
read  out  on  the  bit  lines  11  and  Ti~  Bit  line 
potentials  BT  and  BT  are  set  in  accordance  with 
the  readout  data.  If  the  potential  BT  is  set  at  "H" 
level  and  the  potential  BT~is  set  at  "L"  level,  the 
potential  BT~is  reduced  with  time.  When  a  pre- 
determined  period  of  time  has  elapsed  and  the 
difference  between  the  potentials  BT  and  FTis  set 
to  be  AV  or  more,  the  logic  level  of  the  node  SB  in 
the  sense  amplifier  22  becomes  "H",  and  this  "H"- 
level  signal  is  output  as  the  output  Out  through  the 
inverters  28  and  29. 

If  the  potential  BT  is  set  at  "L"  level  and  the 
potential  UTTis  set  at  "H"  level,  the  potential  BT  is 
reduced  with  time.  As  a  result,  the  logic  level  of  the 
node  SB  becomes  "L";  hence  the  output  Out 
serves  as  an  "L"-level  signal. 

When  the  clock  signal  CK  again  goes  to  "H" 
level,  a  precharge  operation  in  respect  of  the  bit 
lines  1  1  and  TT"is  started  by  the  precharge  circuit 

The  present  invention  relates  to  a  semiconduc- 
tor  memory  device  in  which  a  pair  of  bit  lines  are 
precharged  prior  to  data  read  access,  and,  in  a 
data  read  mode,  a  potential  difference  between  the 
pair  of  bit  lines  is  amplified  by  a  sense  amplifier,  in 
order  to  sense  the  data. 

In  a  conventional  synchronous  semiconductor 
memory  device,  a  synchronous  clock  signal  is 
used  as  an  enable  signal  for  a  sense  amplifier  for 
sensing  data. 

Fig.  1  is  a  circuit  diagram  of  a  data  read 
system  circuit  of  a  memory  cell  contained  in  a 
conventional  synchronous  semiconductor  memory 
device. 

Memory  cell  14  includes  a  latch  circuit  15,  and 
n-channel  MOS  transistors  16  and  17  which  serve 
as  transfer  gates  and  are  inserted  between  the 
latch  circuit  15  and  a  pair  of  bit  lines  11  and  11  , 
respectively.  The  gates  of  the  transistors  16  and  17 
are  connected  to  the  word  line  12  which,  along  with 
precharge  line  13,  is  intersected  by  bit  liens  11  and 
TT. 

A  precharge  circuit  section  18  includes  p-chan- 
nel  MOS  transistors  19  and  20,  one  terminal  of 
each  of  which  is  connected  to  the  corresponding 
one  of  the  pair  of  bit  lines  11  and  TT,  the  other 
terminal  of  each  being  connected  to  a  power 
source  voltage  Vcc,  and  a  p-channel  MOS  transis- 
tor  21  connected  between  the  bit  lines  1  1  and 

11.  Gates  of  the  transistors  19,  20,  and  21  are 
connected  to  the  precharge  line  13. 

A  potential  difference  between  the  bit  lines  11 
and  rTis  input  across  the  gates  of  n-channel  MOS 
transistors  23  and  24,  to  which  the  bit  lines  are 
connected,  respectively.  P-channel  MOS  transistors 
25  and  26  are  inserted  between  the  power  source 
voltage  Vcc  and  one  terminal  of  the  transistor  23 
and  between  the  power  source  voltage  Vcc  and 
one  terminal  of  the  transistor  24,  respectively.  The 
gates  of  transistors  25  and  26  are  connected  to 
each  other,  and  are  commonly  connected  to  a 
connecting  node  SA  located  between  the  transis- 
tors  25  and  23.  An  n-channel  MOS  transistor  27 
having  a  gate  for  receiving  an  enable  signal  for 
differential  type  sense  amplifier  22  is  inserted  be- 
tween  the  other  terminal  of  each  of  the  transistors 
23  and  24,  and  a  ground  voltage  Vss.  A  sensing 
result  of  the  sense  amplifier  22  is  obtained  at  a 
connecting  node  SB  located  between  the  transis- 
tors  24  and  26,  and  is  output  as  an  output  Out 
through  two  inverters  28  and  29. 

Reference  numeral  30  denotes  a  read  control 
circuit  including  inverters  31,  32,  and  34,  and  a 
NAND  gate  33.  A  synchronous  clock  signal  CK 
having  a  constant  frequency  is  supplied  to  the 
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amplifier  control  means  for  receiving  an  enable 
signal  which  enables  operation  of  the  sense  am- 
plifier,  and  a  sensed  signal  from  the  dummy  bit  line 
potential  sensing  means,  to  determine  an  operation 

5  period  of  the  sense  amplifier,  in  response  to  both 
the  enable  and  the  sensed  signals. 

The  operation  of  the  above-mentioned  memory 
device  is  as  follows. 

In  a  data  read  mode,  the  potential  of  each  of 
w  the  pair  of  bit  lines  is  changed  in  accordance  with 

the  data  contained  in  the  memory  cell.  The  sense 
amplifier  can  determine  the  data  read  out  from  the 
memory  cell  when  the  potential  difference  between 
the  pair  of  bit  lines  is  sufficiently  large.  A  potential 

75  of  the  dummy  bit  line  is  reduced  in  accordance 
with  reduction  of  potential  of  the  "L"  level  bit  line. 
When  a  predetermined  time  period  has  elapsed, 
the  potential  of  the  "L"  level  bit  line  is  reduced  by 
a  predetermined  potential.  When  the  output  data  is 

20  determined  by  the  sense  amplifier,  an  output  logic 
level  of  the  level  sensor  is  inverted,  and  the  sense 
amplifier  is  disabled.  In  other  words,  the  sense 
amplifier  is  kept  disabled  until  the  next  clock  signal 
is  generated  after  readout  output  data  is  deter- 

25  mined.  Therefore,  a  feedthrough  current  which 
flows  during  this  period  in  the  conventional  device 
does  not  flow  in  this  device,  and  current  consump- 
tion  can  be  extremely  decreased. 

This  invention  can  be  more  fully  understood 
30  from  the  following  detailed  description  when  taken 

in  conjunction  with  the  accompanying  drawings,  in 
which: 

Fig.  1  is  a  circuit  diagram  showing  a  mem- 
ory  cell  and  its  peripheral  circuits,  contained  in  a 

35  conventional  semiconductor  device; 
Fig.  2  is  a  timing  chart  of  signals  of  circuit 

components  shown  in  Fig.  1  ,  when  the  system  is  in 
a  data  read  mode; 

Fig.  3  is  a  circuit  diagram  showing  a  mem- 
40  ory  cell  and  its  peripheral  circuits,  contained  in  a 

semiconductor  device  according  to  an  embodiment 
of  the  present  invention; 

Fig.  4  is  a  timing  chart  of  signals  of  circuit 
components  shown  in  Fig.  3,  when  the  system  is  in 

45  a  data  read  mode;  and 
Fig.  5  is  a  circuit  diagram  of  a  data  latch 

circuit  45  incorporated  in  the  circuit  shown  in  Fig. 
3. 

An  embodiment  of  the  present  invention  will  be 
50  described  hereinafter,  with  reference  to  the  accom- 

panying  drawings. 
Fig.  3  is  a  circuit  diagram  of  a  data  read 

system  circuit  of  a  memory  cell  contained  in  a 
semiconductor  memory  device  according  to  the 

55  present  invention,  and  shows  a  memory  cell  14,  a 
precharge  circuit  18,  a  differential  type  sense  am- 
plifier  22,  and  a  read  control  circuit  30,  which  are 
arranged  in  the  same  manner  as  in  the  conven- 

18.  On  the  other  hand,  the  signal  RD  goes  to  "L" 
level,  and  the  sense  amplifier  22  is  disabled. 

The  above-mentioned  conventional  memory 
device  has  a  problem,  however,  in  that  current 
consumption  in  the  read  mode  is  high,  due  to  a 
feedthrough  current  being  flown  over  an  extended 
period  of  time. 

More  specifically,  the  operation  period  of  the 
sense  amplifier  22  depends  on  the  level  of  the 
signal  RD,  and  for  this  reason,  the  sense  amplifier 
22  is  kept  enabled  during  a  period  t  wherein  the 
signal  RD  is  set  at  "H"  level.  In  other  words,  the 
sense  amplifier  22  is  not  disabled  until  the  clock 
signal  CK  goes  to  "H"  level  after  the  logic  level  of 
the  node  SB  is  determined.  Assume  that  the  poten- 
tial  BT  is  set  at  "H"  level  and  the  potential  BT~is 
set  at  "L"  level,  in  accordance  with  memory  data  of 
the  memory  cell  14.  In  this  case,  the  transistor  23 
is  turned  on,  and  the  potential  of  the  node  SA  is 
reduced.  Thereafter,  when  the  potential  of  the  node 
SA  exceeds  an  absolute  value  of  the  threshold 
voltage  of  the  transistor  25,  the  transistor  25  is 
turned  on.  As  a  result,  a  feedthrough  current  is 
generated  which  passes  through  the  transistors  25, 
23,  and  27,  and  flows  during  the  time  t  after  the 
logic  level  of  the  node  SB  is  determined.  As  a 
result,  current  consumption  in  the  read  mode  is 
high. 

Thus,  as  described  above,  the  conventional 
device  has  a  problem  in  that  its  current  consump- 
tion  is  high,  due  to  the  length  of  time  the  feedth- 
rough  current  is  supplied  to  the  sense  amplifier. 

The  present  invention  has  been  developed  in 
light  of  the  above  situation,  and  has  as  its  object  to 
provide  a  semiconductor  memory  device  in  which 
the  feedthrough  current  supplied  to  a  sense  am- 
plifier  in  a  read  mode  is  reduced,  thereby  to 
achieve  a  reduction  in  the  amount  of  current  con- 
sumed  by  the  system  of  which  the  memory  device 
is  a  part. 

According  to  the  present  invention,  there  is 
provided  a  semiconductor  memory  device  compris- 
ing  a  memory  cell,  a  pair  of  bit  lines  connected  to 
the  memory  cell,  a  first  precharging  means,  for 
precharging  the  pair  of  bit  lines,  a  sense  amplifier 
for  amplifying  a  potential  difference  between  the 
pair  of  bit  lines,  a  dummy  bit  line  having  a  load 
capacitance  equal  to  that  of  each  of  the  pair  of  bit 
lines,  a  dummy  memory  cell  having  a  bit  line  drive 
capability  equal  to  that  of  the  memory  cell,  a  sec- 
ond  precharging  means,  for  precharging  the  dum- 
my  bit  line,  a  selecting  means  for  simultaneously 
selecting  the  memory  cell  and  the  dummy  memory 
cell,  a  dummy  bit  line  potential  sensing  means,  for 
sensing  that  the  potential  of  the  dummy  bit  line  is 
changed  from  a  precharge  potential  by  a  predeter- 
mined  potential  when  the  dummy  memory  cell  is 
selected  by  the  selecting  means,  and  a  sense 
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The  dummy  cell  42  includes  an  inverter  46,  the 
input  terminal  of  which  is  connected  to  the  power 
source  voltage  Vcc,  and  an  n-channel  MOS  transis- 
tor  47  which  is  inserted  between  the  output  termi- 

5  nal  of  the  inverter  46  and  the  dummy  bit  line  41, 
and  the  gate  of  which  is  connected  to  the  word  line 
12.  The  dummy  cell  42  has  a  bit  line  drive  capabil- 
ity  equal  to  that  of  the  memory  cell  14. 

The  precharge  circuit  43  is  inserted  between 
w  the  power  source  voltage  Vcc  and  the  dummy  bit 

line  41,  and  includes  a  p-channel  MOS  transistor 
48,  the  gate  of  which  is  connected  to  the  precharge 
line  13. 

The  level  sensor  44  includes  a  NAND  gate  49 
15  and  inverters  50,  51  ,  and  52.  More  specifically,  the 

output  signal  RD  from  the  read  control  circuit  30  is 
supplied  to  one  input  terminal  of  the  NAND  gate 
49.  The  inverters  50  and  51  are  serially  inserted 
between  the  dummy  bit  line  41  and  the  other  input 

20  terminal  of  the  NAND  gate  49.  An  output  from  the 
NAND  gate  49  is  supplied  to  the  inverter  52,  and 
an  output  SN  (i.e.,  an  output  from  the  level  sensor 
44)  from  the  inverter  52  is  supplied  to  the  gate  of 
the  transistor  27  in  the  sense  amplifier  22. 

25  The  node  SB  in  the  sense  amplifier  22  is 
connected  to  an  input  terminal  D  of  the  latch  circuit 
45,  the  latch  control  terminal  TP  of  which  receives 
the  output  signal  SN  from  the  level  sensor  44.  The 
latch  circuit  45  additionally  has  an  output  terminal 

30  Q  through  which  an  output  Out  from  the  memory 
device  is  output. 

Fig.  4  is  a  timing  chart  showing  waveforms  of 
circuit  components  shown  in  Fig.  3,  when  the  cir- 
cuit  of  Fig.  3  is  in  a  read  mode.  The  read/write 

35  signal  RW  is  set  at  "H"  level,  when  the  circuit  is  in 
the  read  mode.  A  data  read  operation  will  be  de- 
scribed  hereinafter  with  reference  to  this  timing 
chart. 

When  the  clock  signal  CK  goes  to  "H"  level, 
40  the  precharge  signal  PFTgoes  to  "L"  level.  As  a 

result,  the  transistors  19,  20,  and  21  in  the 
precharge  circuit  18  are  turned  on,  and  the  bit  lines 
11  and  TT"are  precharged  at  "H"  level.  In  addition, 
the  transistor  48  in  the  precharge  circuit  43  is 

45  turned  on,  with  the  result  that  the  dummy  bit  line 
41  is  precharged  to  "H"  level.  In  short,  bit  line 
potentials  BT,  BT~,  and  DB  are  all  set  at  "H"  level. 

The  setting  of  the  clock  signal  CK  at  "H"  level 
also  results  in  the  signal  RD  from  the  read  control 

50  circuit  30  being  set  at  "L"  level;  hence  the  output 
signal  SN  from  the  level  sensor  44  is  also  set  at 
"L"  level.  This  causes  the  transistor  27  in  the 
sense  amplifier  22  to  be  turned  off,  and  the  sense 
amplifier  22  to  be  disabled. 

55  When,  on  the  other  hand,  the  clock  signal  CK 
goes  from  "H"  level  to  "L"  level,  the  precharge 
signal  PR~goes  to  "H"  level,  and  a  precharge 
operation  for  the  bit  lines  11  and  TT~and  for  the 

tional  device  shown  in  Fig.  1  . 
More  specifically,  the  memory  cell  14  includes 

a  latch  circuit  15  and  n-channel  MOS  transistors  16 
and  17,  which  serve  as  transfer  gates  and  are 
inserted  between  the  latch  circuit  1  5  and  the  pair  of 
bit  lines  1  1  and  TT,  respectively.  The  gates  of  the 
transistors  16  and  17  are  connected  to  the  word 
line  12  which,  along  with  precharge  line  13,  is 
intersected  by  bit  lines  1  1  and  TT. 

The  precharge  circuit  18  includes  p-channel 
MOS  transistors  19  and  20,  one  terminal  of  each  of 
which  is  connected  to  the  corresponding  one  of  the 
pair  of  bit  lines  11  and  TT,  the  other  terminal  of 
each  being  connected  to  a  power  source  voltage 
Vcc,  and  a  p-channel  MOS  transistor  21  connected 
between  the  bit  lines  1  1  and  TT.  The  gates  of  the 
transistors  19,  20,  and  21  are  connected  to  the 
precharge  line  13. 

A  potential  difference  between  the  bit  lines  11 
and  TTis  input  across  the  gates  of  n-channel  MOS 
transistors  23  and  24,  to  which  the  bit  lines  are 
connected,  respectively.  P-channel  MOS  transistors 
25  and  26  are  inserted  between  the  power  source 
voltage  Vcc  and  one  terminal  of  the  transistor  23 
and  between  the  power  source  voltage  Vcc  and 
one  terminal  of  the  transistor  24,  respectively.  The 
gates  of  the  transistors  25  and  26  are  connected  to 
each  other,  and  are  commonly  connected  to  a 
connecting  node  SA  located  between  the  transis- 
tors  25  and  23.  An  n-channel  MOS  transistor  27 
having  a  gate  for  receiving  an  enable  signal  for  the 
sense  amplifier  22  is  inserted  between  the  other 
terminal  of  each  of  the  transistors  23  and  24,  and  a 
ground  voltage  Vss.  A  sensing  result  of  the  sense 
amplifier  22  is  obtained  at  a  connecting  node  SB 
located  between  the  transistors  24  and  26. 

Read  control  circuit  30  includes  inverters  31, 
32,  and  34,  and  a  NAND  gate  33.  A  synchronous 
clock  signal  CK  having  a  constant  frequency  is 
supplied  to  the  inverters  31  and  32  in  separate 
signal  paths,  and  is  inverted  by  .the  inverters  31 
and  32.  The  signal  inverted  by  the  inverter  31  is 
supplied  as  a  precharge  signal  PR  to  the  precharge 
line  13.  The  signal  inverted  by  the  inverter  32  is 
supplied  to  one  input  terminal  of  the  2-input  NAND 
gate  33,  the  other  input  terminal  of  the  gate  33 
receiving  a  read/write  signal  RW.  An  output  from 
the  NAND  gate  33  is  output  through  the  inverter 
34,  as  a  read  control  signal  RD. 

This  embodiment  additionally  includes  a  dum- 
my  bit  line  41,  a  dummy  memory  cell  42,  a 
precharge  circuit  43,  a  level  sensor  44,  and  a  latch 
circuit  45. 

The  dummy  bit  line  41  is  made  of  the  same 
wiring  material  as  that  of  the  bit  lines  11  ând  11  , 
and  is  equal  in  length  to  bit  lines  1  1  and  TT.  As  a 
result,  bit  line  41  has  a  load  capacity  equal  to  that 
of  these  bit  lines. 
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and  the  inverters  64  and  65  constitute  a  flip-flop 
circuit.  The  input  terminal  of  the  inverter  63  serves 
as  a  terminal  D  of  the  latch  circuit  45,  and  receives 
the  signal  SB.  A  signal  SB  received  is  level-in- 

5  verted  by  the  inverter  63,  and  further  level-inverted 
by  the  inverter  64.  The  resulting  inverted  signal  is 
output  as  an  output  signal  Out  from  a  terminal  Q. 
The  output  from  the  inverter  64  is  also  input  to  its 
input  terminal  through  the  inverter  65. 

w  The  control  signal  generator  section  62  gen- 
erates  the  control  signals  </>  and  în  response  to 
the  signal  SN.  The  input  terminal  of  the  control 
signal  generator  section  62  forms  as  a  terminal  TP 
of  the  latch  circuit.  The  input  signal  SN  is  output  as 

75  the  non-inverted  control  signal  <j>,  and  is  also  output 
through  an  inverter  66  as  the  control  signal  <£.  The 
control  signals  <t>  and  #are  respectively  input  to  the 
inverters  63  and  65,  to  control  their  gates. 

When  the  signal  SN  is  set  at  "H"  level,  the 
20  control  signal  4>  at  "H"  level,  and  the  control  signal 

<£at  "L"  level.  As  a  result,  the  gate  of  the  inverter 
63  in  the  latch  section  61  is  opened,  the  gate  of  the 
inverter  65  is  closed,  and  hence  the  signal  SB  is 
latched  by  the  latch  section  61  . 

25  On  the  other  hand,  when  the  signal  SN  is  set  at 
"L"  level,  the  control  signal  <j>  is  set  at  "L"  level 
and  the  control  signal  *is  set  at  "H"  level.  As  a 
result,  the  gate  of  the  inverter  63  in  the  latch 
section  61  is  closed,  and  the  gate  of  the  inverter  65 

30  is  opened.  Consequently,  the  signal  SB  is  not  input 
to  the  latch  section  61  ,  and  thus  is  not  latched. 

According  to  the  above  embodiment,  after  data 
is  determined  by  the  sense  amplifier,  the  sense 
amplifier  is  disabled,  reducing  a  feedthrough  cur- 

35  rent.  Therefore,  wasteful  current  consumption  can 
be  decreased. 

In  addition,  the  read  operation  can  be  per- 
formed  at  high  speed  substantially  the  same  as 
that  in  the  conventional  device. 

40  The  dummy  bit  line  and  its  peripheral  circuits 
are  suitable  for  design  of  a  variable  memory  capac- 
ity  type  RAM  required  in  an  ASIC  (IC  for  specific 
application  -application  specific  integrated  circuit). 
This  is  because,  even  if  a  RAM  having  an  arbitrary 

45  size  is  designed,  a  timing  at  which  the  sense 
amplifier  is  disabled  is  automatically  changed  de- 
pending  on  a  load  capacity  of  bit  line. 

As  has  been  described  above,  according  to  the 
present  invention,  there  is  provided  a  semiconduc- 

50  tor  memory  device  for  reducing  a  feedthrough  cur- 
rent  supplied  to  the  sense  amplifier,  thus  reducing 
current  consumption  of  the  memory  system. 

Reference  signs  in  the  claims  are  intended  for 
better  understanding  and  shall  not  limit  the  scope. 

55 

Claims 

dummy  bit  lines  41  is  ended.  In  addition,  the  signal 
RD  goes  from  "L"  level  to  "H"  level,  and  thus  two 
inputs  to  the  NAND  gate  49  in  the  level  sensor  44 
go  to  "H"  level.  Hence,  the  signal  SN  35  goes  from 
"L"  level  to  "H"  level,  as  a  result  of  which  the 
transistor  27  is  turned  on  and  the  sense  amplifier 
22  is  enabled. 

The  word  line  12  is  selected  by  a  decoder  (not 
shown),  and  a  signal  WD  for  activating  the  word 
line  12  goes  from  "L"  level  to  "H"  level.  As  a 
result,  the  transistors  16  and  17  in  the  memory  cell 
14  are  turned  on,  so  that  memory  data  "1"  or  "0" 
in  the  latch  circuit  15  is  read  out  onto  the  bit  lines 
11  and  TT~,  and  bit  line  potentials  BT  and  BT"are 
set  in  accordance  with  the  memory  data.  In  addi- 
tion,  the  transistor  47  in  the  dummy  cell  42  is 
turned  on,  and  the  "L"  level  signal  is  output  onto 
the  dummy  bit  line  41. 

If  the  potential  BT  is  set  at  "H"  level  and  the 
potential  B~T~at  "L"  level,  the  potential  BT  is  re- 
duced  with  time.  When  a  predetermined  period  of 
time  has  elapsed  and  the  potential  difference  be- 
tween  the  bit  line  potentials  BT  and  BT~is  larger  to 
be  AV  or  more,  the  logic  level  of  the  node  SB  in 
the  sense  amplifier  22  is  set  at  "H"  level.  During 
the  period  in  which  the  signal  SN  is  set  at  "H" 
level,  the  latch  circuit  45  latches  the  "H"-level 
signal,  i.e.,  data  sensed  by  the  sense  amplifier. 

The  dummy  bit  line  potential  DB  is  reduced  in 
correspondence  with  reduction  in  bit  line  potential 
BT.  After  a  predetermined  period  of  time  has 
elapsed,  the  potential  DB  is  lowered  from  a 
precharge  potential  by  the  threshold  voltage  of  the 
inverter  50,  so  that  the  output  of  the  inverter  50  is 
inverted  to  "H"  level.  As  a  result,  the  output  signal 
SN  of  the  level  sensor  44  is  inverted  to  "L"  level, 
whereby  the  transistor  27  in  the  sense  amplifier  22 
is  turned  off,  and  the  sense  amplifier  22  is  dis- 
abled.  Consequently,  until  the  clock  signal  CK 
again  goes  to  "H"  level,  the  operation  of  the  sense 
amplifier  22  is  inhibited.  As  a  result,  a  current 
consumption  after  the  determination  of  the  data 
sensed  by  the  sense  amplifier,  due  to  a  feedth- 
rough  current  in  the  sense  amplifier,  can  be  re- 
duced. 

When  the  potential  BT  is  set  at  "L"  level  and 
the  potential  BTis  set  at  "H"  level,  the  potential  BT 
is  reduced  with  time.  As  a  result,  the  logic  level  of 
the  node  SB  goes  to  "L"  level,  and  hence  the  level 
of  the  output  Out  goes  to  "L"  level. 

Fig.  5  is  a  circuit  diagram  showing  an  arrange- 
ment  of  the  data  latch  circuit  45  as  incorporated  in 
the  circuit  shown  in  Fig.  3. 

The  latch  circuit  45  includes  a  latch  section  61 
and  a  control  signal  generator  section  62. 

The  latch  section  61  includes  inverters  63,  64, 
and  65.  The  inverters  63  and  65  are  controlled  in 
response  to  control  signals  <J>  and  <t>,  respectively, 
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signal  generator  section. 
6.  A  device  according  to  claim  5,  characterized 

in  that  said  latch  section  comprises  an  inverter 
(63),  controlled  in  response  to  the  first  control  sig- 
nal,  for  inverting  a  level  of  the  output  signal  from 
said  sense  amplifier,  and  a  flip-flop  circuit  (64,  65), 
controlled  in  response  to  the  second  control  signal, 
for  latching  the  output  signal  from  said  inverter. 

7.  A  device  according  to  claim  6,  characterized 
in  that  said  flip-flop  circuit  (64,  65)  comprises  a  first 
inverter  (64),  for  inverting  a  level  of  an  output  signal 
from  said  inverter  in  said  latching  means,  to  output 
the  inverted  signal  as  an  output  signal  from  said 
latching  means,  and  a  second  inverter  (65),  con- 
trolled  in  response  to  the  second  control  signal,  for 
inverting  a  level  of  an  output  signal  from  said  first 
inverter,  to  output  the  inverted  signal  to  an  input 
section  of  said  first  inverter. 

1.  A  semiconductor  memory  device  compris- 
ing: 
a  memory  cell  (14); 
a  pair  of  bit  lines  (11,  TT~)  connected  to  said 
memory  cell;  5 
first  precharging  means  (18),  for  precharging  said 
pair  of  bit  lines; 
a  sense  amplifier  (22)  for  amplifying  a  potential 
difference  between  said  pair  of  bit  lines; 
a  dummy  bit  line  (41)  having  a  load  capacity  equal  w 
to  that  of  each  of  said  pair  of  bit  lines; 
a  dummy  memory  cell  (42)  having  a  bit  line  drive 
capability  equal  to  that  of  said  memory  cell;  and 
second  precharging  means  (43),  for  precharging 
said  dummy  bit  line,  ?5 
characterized  by  further  comprising: 
selecting  means  (12)  for  simultaneously  selecting 
said  memory  cell  and  said  dummy  memory  cell; 
dummy  bit  line  potential  sensing  means  (50)  for 
sensing  that  the  potential  of  said  dummy  bit  line  is  20 
changed  from  a  precharge  potential  by  a  predeter- 
mined  potential  when  said  dummy  memory  cell  is 
selected  by  said  selecting  means;  and 
sense  amplifier  control  means  (51  ,  49,  52)  for.  re- 
ceiving  an  enable  signal  which  enables  an  opera-  25 
tion  of  said  sense  amplifier,  and  a  sensed  signal 
from  said  dummy  bit  line  potential  sensing  means 
to  determine  an  operation  period  of  said  sense 
amplifier,  in  response  to  both  the  enable  and  the 
sensed  signals.  so 

2.  A  device  according  to  claim  1  ,  characterized 
by  further  comprising  latch  means  (45),  controlled 
in  response  to  an  output  from  said  sense  amplifier 
control  means,  for  latching  an  output  from  said 
sense  amplifier.  35 

3.  A  device  according  to  claim  1  ,  characterized 
in  that  said  dummy  bit  line  potential  sensing  means 
(50)  comprises  an  inverter  (50),  connected  to  said 
dummy  bit  line,  for  inverting  an  output  level  of  said 
sensing  means  when  a  potential  of  said  dummy  bit  40 
line  exceeds  a  threshold  voltage  thereof. 

4.  A  device  according  to  claim  3,  characterized 
in  that  said  sense  amplifier  control  means  (22) 
comprises  a  first  inverter  (51),  for  inverting  a  level 
of  an  output  signal  from  said  inverter  in  said  dum-  45 
my  bit  line  potential  sensing  means,  a  NAND  gate 
for  obtaining  a  negative  AND  logic  of  the  output 
signal  (49)  from  said  inverter  and  the  enable  signal, 
and  a  second  inverter  (52),  for  inverting  a  level  of 
the  output  signal  from  said  NAND  gate.  so 

5.  A  device  according  to  claim  2,  characterized 
in  that  said  latching  means  (45)  comprises  a  con- 
trol  signal  generator  section  (62)  for  receiving  an 
output  signal  from  said  sense  amplifier  control 
means,  to  output  first  and  second  complimentary  55 
level  control  signals,  and  a  latch  section  (61)  for 
latching  the  output  signal  from  said  sense  amplifier 
in  response  to  the  control  signal  from  said  control 
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